Aims/hypothesis The aim of our study was to compare prescription drug costs in diabetic and non-diabetic individuals in a large population-based Italian cohort covered by the National Health System. Methods We identified diabetic residents in Turin on 31 July 2003 through multiple independent data sources (diabetes registry, hospital discharges and prescriptions data sources). All prescriptions registered in the 12 month period 1 August 2003 to 31 July 2004 were examined to compare prevalence of treatment and costs in diabetic (n=33,797) and non-diabetic individuals (n=863,876). A log-linear model was employed to estimate age-and sex-adjusted ratios of costs. Results Costs per person per year were €830.90 in diabetic patients and €182.80 in non-diabetic individuals (age-and sex-adjusted rate ratio 2.8, 95% CI 2.7-2.9). Diabetes treatment accounted for 18.5% of the total cost. Compared with non-diabetic individuals, the excess of expenditure was particularly high in diabetic patients aged <45 years (rate ratio 9.3), in those with type 1 diabetes (rate ratio 7.7) and in insulin users (rate ratio 4.8). The cost of diet-treated patients was similar to those treated with oral drugs. Diabetes was associated with an increased prevalence of treatment for most drug categories; one-third of the diabetic cohort received ACE inhibitors, anti-thrombotic drugs and statins. Conclusions/interpretation This population-based study shows that diabetes has a great impact on prescription drug costs, independently of main confounders, particularly in insulin-treated patients, suggesting that a wide range of comorbidities affect their health. Costs are expected to further increase if the transferability of knowledge provided by evidence-based guidelines on diabetic patients is completed over the coming years.
diseases, diabetes has a major impact on national healthcare expenditure, which is expected to continue to increase over time because of the increasing prevalence of the disease [2, 3] . Prescriptions costs have been estimated to account for 30-40% of direct costs of diabetes [3] [4] [5] . Few studies, however, have provided detailed figures of patterns and costs of drug use of diabetic patients, in spite of the relevance of updated information for optimisation of resources allocation [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . More limited data are available on drugs use by drug categories and type of diabetes [11] [12] [13] [14] [15] [16] . Main limitations of studies, conducted in the USA [6] [7] [8] , Canada [9] , Australia [10] Sweden [11] , Germany [12] [13] [14] [15] and Spain [17] are: (1) the recruitment of either clinic-based or health-insured diabetic cohorts, thus limiting the generalisability of results; (2) the limited number of recruited people, thus limiting the power of estimates; and (3) the absence of comparative data on non-diabetic people living in the same area, thus not allowing for control estimates of drug costs for strong confounding factors, such as age and sex.
A surveillance population-based programme monitoring the occurrence of diabetes through the employment of multiple data sources has been recently implemented in the city of Turin, an industrialised area in north-western Italy. The aims of this report were: (1) to estimate the impact of diabetes on overall drugs use, independently of age and sex; (2) to compare the pattern of drugs use by drug categories in diabetic and non-diabetic people; and (3) to assess heterogeneity in drugs use by sex, age groups and type of diabetes.
Methods
The study base of this report includes all residents in the city of Turin (897,673 inhabitants) on the prevalence date (31 July 2003). The first step of the study was to identify all people with diabetes resident in the catchment area [18] ; the second step was to analyse prescriptions in the following 12 month period in order to provide individual data on prescription drug use, stratified by presence or absence of the disease.
All Italian citizens, irrespectively of social class or employment, are cared for by a general practitioner and obtain drugs as part of the National Health System (NHS). Patients with diabetes can obtain hypoglycaemic drugs, diabetes devices and laboratory testing free of charge from the NHS, provided they have certification of diabetes diagnosed by diabetologists working in public health clinics. Because of this procedure, most newly diagnosed patients attend one diabetes clinic at the onset of the disease and agree to be registered in the Piedmont Diabetes Registry [19] , including demographical information, type of diabetes, reference general practitioner and diabetologist. The Italian Standards for Diabetes Care recommend that all diabetic patients be examined two or three times per year by diabetes clinics and/or their general practitioners [20] ; in the Piedmont Region most of then (75%) are regularly tested for HbA 1c levels [21] .
As described in detail elsewhere [18] , three data sources including all people covered by the NHS were employed to identify diabetic patients on the prevalence date: (1) the file of all people registered in the Piedmont Diabetes Registry; (2) the file of all prescriptions of glucose-lowering drugs (Anatomical Therapeutic Chemical Classification System [ATC] code: A10A and A10B) prescribed from 1 January to 31 December to residents of the city of Turin; to reduce the chance of including false-positive individuals, we considered as individuals with the disease only those who had at least two prescriptions for glucose-lowering drugs; and (3) the file of all individuals resident in the city of Turin discharged from regional and national hospitals with a primary or secondary diagnosis of diabetes (ICD-9-CM code 250) in the period from 1 January to 31 December. All data sources were matched by a deterministic linkage procedure using the fiscal code as unique identifier, and were linked to the Turin Population Register to include only people alive on 31 July 2003. Type of diabetes was classified according to information provided by the Piedmont Diabetes Registry and by the Registry of Type 1 Diabetes of the Province of Turin [22] . People with unclassified diabetes were considered as having type 1 diabetes if they were <30 years old, otherwise as type 2 diabetes (n=5,766).
All outpatients prescriptions registered in the 12 month period from 1 August 2003 to 31 July 2004 in the population of Turin were examined. Costs for drugs prescribed in the case of hospital stay were not considered, as they are accounted for in the total cost of hospitalisation.
Statistical analysis
The cumulative cost for a drug was calculated by multiplying the units prescribed by the unit cost for each fill, using the actual drug costs, defined by governmental contracts, that were in effect at the time of dispensing. The proportions of individuals with specific prescriptions and the mean costs per treated patient were calculated for all ATC categories. Because age structure was different between diabetic and non-diabetic people, their costs were compared after direct standardisation of age-and sex-specific values, on the basis of the 2002 Italian census population. Rate ratios of costs between diabetic and non-diabetic people were estimated by using a log-linear model, adjusted for age and sex. Separate models were performed for type of diabetes (type 1 and type 2), sex and age groups (<45, 45-64, >64 years).
Results
We identified 34,420 diabetic residents of the city of Turin on 31 July 2003, with an estimated completeness of ascertainment by a capture-recapture method of 80% [18] . The prevalence adjusted for completeness of ascertainment was 4.8% (95% CI 4.5-5.2). Cases with gestational diabetes (n=623) were excluded from present analyses, which included 897,674 people, 33,797 with diabetes and 863,876 without diabetes. The mean ages of diabetic and non-diabetic individuals were 67.7 and 44.3 years, respectively. Of the diabetic cohort, 21.0% were treated with diet, 52.8% with oral drugs and 26.3% with insulin. There were 1,704 patients with type 1 diabetes, 26,327 with type 2 and 5,766 with undefined type of diabetes; in the final analyses, the latter cases were considered as type 2, giving a final number of 32,093 patients with type 2 diabetes.
As shown in Table 1 , the overall mean prescription drug cost was €830.90 per year in diabetic patients and €182.80 per year in non-diabetic individuals. Estimates derived by log-linear models showed that drugs use and costs were almost threefold higher in diabetic than in non-diabetic individuals (rate ratio 2.8, 95% CI 2.7-2.9), independently of age and sex. The excess of expenditure was particularly high in individuals aged ≤45 years, having ninefold higher costs than non-diabetic individuals, in type 1 diabetic patients (nearly eightfold higher) and in insulin users (fivefold higher). The cost of diabetic patients treated with diet only was similar to that of those treated with oral drugs. Glucose-lowering drugs (ATC A10) accounted for 18.5% of total cost, 44.9% in type 1 and 17.0% in type 2 diabetes.
Over a 12 month study period, drugs were prescribed to 535,304/863,876 (62.0%) non-diabetic individuals and 32,561/33,797 (96.3%) diabetic patients. Table 2 shows that the overall age-and sex-standardised cost per treated individual per year was €238.10 for non-diabetic individuals and €713.00 for diabetic patients.
With regard to non-diabetic patients of similar age and sex, diabetic patients employed more drugs in every ATC category. Rate ratios ranged from 1.16 for anti-arrhythmic drugs to 6.54 for fibrates (Table 2 ) and were statistically significant; the only drugs with lower use in diabetic patients were oestrogens (rate ratio 0.70, 95% CI 0.68-0.71) and anti-parasitic products, insecticides and repellents (ATC P; rate ratio 0.96, 95% CI 0.93-0.98).
As regards cardiovascular drugs, they were threefold more prescribed to diabetic than non-diabetic people, independently of age and sex (rate ratio 3.29). After excluding glucose-lowering medications, they accounted for 46.2% of the total drug cost in the diabetic population (39.2% of type 1 and 47.4% of type 2 diabetes) vs 33.2% in the non-diabetic population. Diabetic patients treated with statins were only 8,401, whereas 1,039 were treated with The employment of drugs for erectile dysfunction was very low in the overall population and only slightly higher in diabetic patients (n=205, 0.6% diabetic patients vs 1,858, 0.2% non-diabetic individuals). Table 3 shows higher rate ratios of use and drug costs in type 1 than in type 2 diabetic patients in most ATC categories, including anti-thrombotic drugs, ACE inhibitors, angiotensin II receptor blockers (ARB), antimicrobial drugs, non-steroidal anti-inflammatory drugs and analgesic drugs (Table 3) . Increased prescriptions of hormonal drugs were mainly for thyroid hormones. The excess of prescriptions for anti-neoplastic drugs was evident for type 1 diabetes (rate ratio 5.46, 95% CI 4.60-6.48), even if analyses are based on 49 individuals only.
Discussion
This study provides the first population-based data on patterns and costs of drugs use in a large southern European cohort of diabetic and non-diabetic individuals covered by has a large impact on prescription drug costs, determining an almost threefold higher expenditure in diabetic than in non-diabetic individuals, and that this excess is independent of the main confounders, such as age and sex. Second, we point out that the excess of drugs use and cost is evident in most drug categories, particularly in insulin-treated patients, suggesting that a wide range of comorbidities affect their health. Third, we show that cost-effective drugs in the prevention of cardiovascular disease and diabetic nephropathy, such as ACE inhibitors, statins and aspirin are prescribed to one-third only of the diabetic cohort. Few studies have provided detailed data on drug costs in diabetic and non-diabetic individuals [14, 16] . The main limitations are the limited number of recruited diabetic patients and the absence of comparative data from the underlying non-diabetic population, not allowing control for differences in characteristics correlated with the use of healthcare services (age, sex, race/ethnicity). Data on healthcare costs of European diabetic patients were provided in 1999 by the CODE-2 study, including 7,000 type 2 diabetic patients recruited from eight European countries, which showed high variability in direct costs between countries [4, 5] . In the subgroup of Italian diabetic patients (n=1,263) the cost was €2,991 per year (range €23-81,447). The study pointed out that 30% of direct healthcare costs were for drugs (7% glucose-lowering drugs and 21% other drugs) and 55% for hospitalisation. In contrast, in a large German population-based study using healthinsured data, cost of drugs accounted for 53% of direct costs, suggesting that CODE-2 results could, at least in part, be explained by the selective recruitment of individuals with more severe diabetic disease [12] .
Even more limited are population-based studies assessing patterns of drugs use by ATC categories and type of diabetes [14, 16] . Our study shows that diabetic patients have higher consumptions not only of drugs directly related to prevention and treatment of cardiovascular complications, but also of drugs referring to most other ATC categories, such as antimicrobial, non-steroidal anti-inflammatory and analgesic drugs. This finding is very similar to those obtained from Germany and Scotland, in spite of different patterns of healthcare, suggesting an increased susceptibility of diabetic people to concurrent diseases, which increases related costs [14, 16] . Given, however, the broad spectrum of drugs use, the alternative hypothesis of increased prescriptions merely because of more frequent medical access of diabetic than nondiabetic individuals of similar age and sex cannot be ruled out.
Consistent with other studies, we found that the implementation of treatment with proved efficacy and a favourable cost-effectiveness ratio such as ACE inhibitors and statins was low in our cohort [23, 24] . Therefore, costs are expected to further increase if the transferability of knowledge provided by evidence-based guidelines on diabetic people is completed over the coming years [25] .
The crucial issue of cost-of-illness studies is the identification of large and representative cohorts on a population level, which are, typically, costly to obtain, and are hence often missing. The strengths of the Turin Study are: (1) the availability of a large data set, allowing the comparison of prescriptions costs between almost 40,000 diabetic patients and more than 800,000 non-diabetic individuals, thus minimising the effect of large outliers on cost analyses; (2) the recruitment of a population-based cohort, thus excluding selection bias, so that data can be extrapolated to the Italian population, assuming a reasonable consistency of NHS procedures and medical approaches all over the country; and (3) the employment of multiple independent data sources, allowing the recruitment of diabetic patients treated with diet, differently from pharmaco-epidemiological studies based on a prescription database only. In our study both diabetic and non-diabetic people are covered by the universal NHS, thus allowing exclusion of the effect of selection bias on our results caused by a main confounder, such as social class. This bias may be present in studies analysing health-insured databases, where generalisability of results is limited to a subset of people, usually different from the general population.
Study limitations Our study, however, has a series of limitations: first, although multiple sources of identification were employed, 20% of diabetic patients were not captured, being probably selected for a less-severe stage of the disease and for diet-only treatment. Missing cases were analysed as non-diabetic individuals, thus determining a bias downward of rate ratios. Second, drug prescriptions rather than drugs use were analysed; however, both diabetic and non-diabetic data should have been similarly biased, thus not affecting estimated rate ratios. Third, our analyses include only drugs dispensed as part of the NHS; cheaper drugs such as aspirin could have been bought directly by the patients, whereas most other drugs, including statins, ACE inhibitors and ARB are generally dispensed as part of the NHS.
In conclusion, this large population-based study shows that diabetes care has a large impact on prescription drug costs, which are threefold higher than in non-diabetic people, probably for the treatment of comorbidities. However, costeffective drugs in the prevention of cardiovascular disease and diabetic nephropathy, such as ACE inhibitors, statins and aspirin are prescribed to one-third only of the diabetic cohort. From a public health perspective our findings suggest that costs are expected to further increase if the transferability of knowledge provided by evidence-based guidelines on diabetic patients is completed over the coming years.
